INTRODUCTION
The presence of glycogen has been demonstrated histochemically using the periodic acid-Schiff (PAS) technique in preimplantation stages of the mouse (Thomson & Brinster, 1966) and hamster (McReynolds & Hadek, 1972) and during implantation in the mouse (Smith, 1966; Wong & Dickson, 1969; Smith & Wilson, 1971) , hamster (Connors, 1969) , rat (Christie, 1966) and rabbit (Christie, 1967) .
The female golden hamster exhibits a significant decline in litter size after 14 months of age (Soderwall, Kent, Turbyfill & Britenbaker, 1960) ; the greatest embryonic mortality occurring before 5^days of pregnancy (Connors, Thorpe 286 T. A. Parkening and A. L. Soderwall & Soderwall, 1972 & Soderwall, 1973a, b) . Since the time of ovulation from the onset of behavioural oestrus is similar in young and senescent hamsters (Stockton, 1972) , this study was conducted to determine whether overutilization of glycogen by retarded blastocysts of senescent animals was a limiting factor in successful implantation.
MATERIALS AND METHODS
Golden hamsters (Mesocricetus auratus), housed individually under constant conditions of temperature (21 to 23°C) and lighting (20.00 to 08.00 hours dark), were examined daily for the vaginal discharge to check the occurrence of normal 4-day oestrous cycles. Young nulliparous (3 to 5 months) and senescent multiparous (14 to 17 months) females exhibiting three to five normal oestrous cycles were placed with males (3 to 6 months) of proven fertility and observed for the onset of lordosis and copulation. Developmental age was determined from the time of ovulation, considered to be 8 hr from the onset of behavioural oestrus (Harvey, Yanagimachi & Chang, 1961) . Three to six young or senescent hamsters were killed at each time period.
Preimplantation stages were obtained from hamsters after \, 1, 2, 2\, 3, 3\ and 3^days of pregnancy. Ova obtained by mincing oviducts or flushing uterine horns were prepared, fixed and histochemically stained for glycogen, using the PAS technique of Thomson & Brinster (1966) . Control ova were incubated in 1-0% aqueous malt diastase for 1 hr at 37°C before staining.
The relative dye concentration of the ova was determined by using a Reichert microphotometer. A two-wavelength method was employed (Swift & Rasch, 1956 ), using 480 nm and 550 nm wavelengths, to measure whole ova for a quantitative estimate of their glycogen content based on the absorptivity or staining intensity of the PAS reaction. The wavelengths were chosen through a standard absorption curve on several stained blastocysts. Microphotometric measurements were statistically compared using Student's t test (Sokal & Rohlf, 1969) .
Implantation stages were obtained from hamsters at 3^, 4, \\, 5 and 5\ days after ovulation. The animals were anaesthetized and 0-25 ml of pontamine blue was injected into the femoral vein for the detection of implantation sites (Orsini, 1963) 15 min before perfusion with 2-5% phosphate-buffered glutaraldehyde at 4°C through the abdominal aorta. The implantations indicated by pontamine blue were counted and the intensity of the dye recorded as : negative ( -), faintly positive ( + ), moderately positive ( + + ), strongly positive (+ + +). Implantation sites were dissected out (or the entire uterus was removed if sites were not visible), sectioned into smaller pieces, and fixed for an additional 1\ hr. The tissues were dehydrated through an ethanol series and embedded in paraffin wax or butoxyethanol-glycol methacrylate (Ruddell, 1967) . Sections (\ to 1 µ ) of methacrylate-embedded uteri were treated with the aldehyde-blocking agents, dimedone (Bulmer, 1959) for 3 hr at 60°C or 2,4-dinitrophenylhydrazine (Feder & O'Brien, 1968) Fig. 2 . Two-cell embryo from a senescent hamster at 2 days of pregnancy. x890. Fig. 3 . Two-cell embryo from a 1 ¿-day pregnant senescent hamster. The zona pellucida was not dissolved away by the acetic acid of the fixation solution as in the other embryos. X360. Fig. 4 . Three-cell embryo from a senescent hamster at 2¿ days of pregnancy, 890. Fig. 5 . Four-cell embryo from a young hamster at 2 days of pregnancy. x890. Fig. 6 . Eight-cell embryo from a 2 ¿-day pregnant senescent hamster, 890. Fig. 7 . Ten-cell embryo from a young hamster at 2 i days of pregnancy. x890. Fig. 8 . Early blastocyst from a 3-day pregnant senescent hamster, 890. Fig. 9 . Late blastocyst recovered from a young hamster after 3¿ days of pregnancy. X890. Fig. 10 . Late blastocyst from a 3¿-day pregnant young hamster. x890. Fig. 11 . Late blastocyst from a senescent hamster at 3J days of pregnancy, 890. Fig. 12 (PL 3, Fig. 22) .
All of the embryos from young females examined from plastic-embedded tissues appeared normal in their development while two embryos from senes¬ cent females, both at 5 days of pregnancy, were abnormal. One of the embryos was in a state of degeneration (PL 2, Fig. 18 (Stern & Biggers, 1968; Ozias & Weitlauf, 1971 ). Ozias & Weitlauf (1971) have suggested that the decreased intensity of the PAS reaction noted by Thomson & Brinster (1966) may be a result of the decreased opacity of whole mounted mouse blastocysts as they enlarge and their blastomeres become thinner. The results of the present study support this suggestion since the intensity of the PAS reaction decreased with subsequent cellular divisions. In addition, whole embryos could not be microphotometrically quantified until presumably the blastocyst cavity had formed, allowing greater transmittance of light. 
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The appearance and distribution of glycogen in the young hamster uterus from Day 3^t o Day 5£ of pregnancy was essentially the same as that previously described for hamsters (Connors, 1969) and mice (Smith, 1966) . The dis¬ tribution was also similar to that described (Christie, 1966) in the pregnant rat uterus from Day 5 to Day 7. Christie (1966) suggested that the gradual dis¬ appearance of glycogen within the expanding rat decidua was a result of its utilization as a nutritional source. He surmised that glycogen immediately adjacent to the embryo was broken down into glucose and transported to the implantation area by the decidual blood vessels. In a further study of the rat (Christie, 1967) and in a histochemical study of implantation in the mouse (Wong & Dickson, 1969) , the disappearance of glycogen during early preg¬ nancy was thought to be due to increased cellular divisions within the decidua, and it was suggested that the embryo was probably supported by circulating blood glucose. Christie (1967) also suggested that glycogen, once broken down, may be utilized in the synthesis and passage of protein to the embryo.
In the senescent hamster, the high incidence of non-viable ova, the develop¬ mental delay of the embryo, and the delayed appearance and intensity of the pontamine blue reaction were similar to that previously described (Parkening & Soderwall, 1973a, b (Larson, Spilman & Foote, 1972) . If the number of uterine sites for binding progesterone were similar in both groups of animals, this would indicate that the uterus of the senescent doe was refractory to circulating progesterone. Progesterone is essential to pregnancy through the maintenance of the decidua (Deanesly, 1972 (Deanesly, , 1973 , which is probably initiated and maintained by the action of progesterone on the uptake and T. A. Parkening and A. L. Soderwall utilization of glucose (Yochim, 1971 Thorneycroft & Soderwall (1969) .
